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A. Science Case

Twenty-first-century materials science has moved beyond bulk materials, composites, and blends,
to the development of multi-component assemblies, incorporating nanoscale subunits and functional
macromolecules, which are arrived at through non-equilibrium assembly pathways. Synchrotron
x-ray scattering is critical to identify and build upon the structure-function relationships. As the
grand challenge of materials design moves from the science of observation to the science of control ,
x-ray scattering holds enormous untapped potential. Its promise will be realized when beamlines
provide sophisticated capabilities for combinatorial materials science. Moving beyond simplistic
high-throughput methods, the Complex Materials Scattering (CMS) beamline will address this
future, providing new tools for driven non-equilibrium assembly and rational materials design.
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The over-arching challenge in materials science is the rational design of new materials, where
given the required characteristics, the material structure is predicted; and for that particular struc-
ture, we can design appropriate constituents and assembly processes. Achieving this goal requires
detailed understanding of material assembly at multiple length-scales. The Complex Materials
Scattering beamline will enhance the pace of exploration by screening materials more rapidly and
intelligently. High-throughput techniques have been shown to allow discovery of previously hidden
structures and patterns. As such, we anticipate entire new classes of materials may arise from
such explorations. Perhaps more importantly, however, by mapping out complex parameter spaces,
the CMS will provide fundamental scientific insights in material behavior and assembly processes,
thereby paving the way for truly rational material design.

The vast majority of industrial materials are inherently non-equilibrium.
For instance, most polymers are used in an amorphous or semicrystalline state,
and most alloys are quenched into meta-stable states. Furthermore, it is now
appreciated that for many materials, especially nano-materials, the final states
are not just a matter of thermodynamic minima, but of kinetic barriers and path-dependent phe-
nomena. In fact, non-equilibrium effects can be used productively, to select desired structures, since
assembly processes can be strongly sensitive to external stimuli, such as applied fields or mechan-
ical stress. In this regard, responding to the grand challenges of materials science means not just
understanding the thermodynamic interactions, but engineering the potential energy landscape.
All of these challenges can benefit greatly from the application of high-throughput techniques. The
complexity inherent to hierarchical order, process-dependent phenomena, and multi-component
systems, can all be addressed by high-speed, efficient exploration of parameter spaces.

The proposed beamline will enable the enormous community of soft-matter researchers,
who rely on x-ray scattering, to continue to grow their programs to meet new materials challenges.
With the transition from NSLS to NSLS-II, the substantial user base of existing beamlines X6B,
X9, X10A, X10B, and X27C will be seeking access to versatile next-generation instruments: see
Appendix, for Letters of Support showcasing the scientific impact. A complementary undulator
proposal, Soft Matter Interfaces, will address the need for specialized interface studies. The CMS
beamline aims to serve a broad community; without its construction, the diverse and high-impact
science from these users would come to a halt. Moreover, BNL’s Center for Functional Nanoma-
terials has programmatic objectives which go hand-in-hand with the science case presented here.
This is evidenced by the CFN’s formal investment into NSLS beamline X9, and continues with the
participation of CFN scientific staff in the present proposal for NSLS-II.
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Mesoporous Materials

Controlling structure and functionality in mesoporous thin films requires the
optimization of a myriad of components and processing effects; the combina-
torial capabilities of the CMS beamline will enable unprecedented progress.
Mesoporous films have well-defined internal pores on the scale of 2 to 100 nm.
Their high internal surface area makes them ideal for applications in separa-
tion membranes,1 catalysis,2–4 pollution control and CO2 sequestering,5 low-k
dielectrics for microelectronics,6 and sensors.7 Conductive mesoporous mate-
rials, especially carbon and carbon composites, have been identified as high-
performance energy materials for batteries, fuel cells, supercapacitors, and as three-dimensional
electrode contacts in photovoltaics.8 The double gyroid morphology in particular is attractive for
many applications, but its stable formation can be challenging. In thin films defect formation and
film shrinkage during processing limit application performance.

To fulfill the promise of mesoporous materials, it is critical to identify synthesis and pro-
cessing conditions that result in the desired material properties. Conventional synthesis meth-
ods can produce materials with a wide range of different physicochemical properties dependent
upon processing conditions. Moreover the structure in thin films and coatings are different from
those found in the bulk, even if the processing conditions are the same. Thus, the fundamental
processing-structure-property relationships in these materials are still poorly understood, especially
in non-silica mesoporous materials. The CMS beamline will address these issues by enabling rapid
study of material compositions, and by identifying the governing fundamental relationships. Meso-
porous films are amenable to combinatorial gradients generated via flow coating,9 which, combined
with the small beam size of the CMS, will enable screening of the large parameter spaces. The
variety of synthetic methodologies available in sol-gel processing naturally lends itself to combi-
natorial methods.10 High throughput syntheses of sol-gel powders enabled the discovery of new
mixed metal oxides for catalysis,11 photoelectrochemical materials,12,13 luminescent materials,14

and thermoelectric materials.15 The critical steps of non-equilibrium film formation and drying
will be studied online, using realtime x-ray scattering measurements.

This competence in studying porous materials will have a significant
impact in a variety of energy industries.16–19 The petroleum refining industry
has been utilizing mesoporous materials for decades in the form of zeolites for
catalysis.2 Similarly, the porosity of coals and mesostructure of shales remain
areas of critical industrial significance. Lastly, the separator films used in
battery technologies, particularly Li ion batteries for hybrid vehicles, are of
mounting technological and social importance. This film prevents batteries
from overheating and failing. The performance and degradation of these porous films are rooted in
their complex nanostructure. The capabilities envisioned for the CMS will enable this nanostructure
to be probed in detail, determining porosity and pore geometry, as well as identifying dominant
failure mechanisms. The rapid access and high-throughput approach of the CMS will be used as a
screening tool in determining the suitability of materials for energy and sustainability applications.

Electrostatically-Assembled Materials

In ordered polyelectrolyte-surfactant complexes, assembly of even the simplest systems depends
upon the proportions of amphiphile, polyelectrolyte, co-surfactant, water, oil, and salt, requiring a
combinatorial approach when seeking to design materials with distinct phase morphologies. Under-
standing their phase behavior allows design of many industrial mixtures including cosmetic, health

2



products, and agricultural agents. Furthermore, these constituents assemble into meso-scale porous
structures, which can be used as templates for solid nanoporous materials, using polymerization
and cross-linking strategies. Potential areas of impact include the automotive industry’s need for
temperature resistant fuel-cell membranes, the bioseparation industry’s need for better filters, and
the pharmaceutical and cosmetic industries’ need for controlled drug delivery.20–23

The large number of individual components results in extremely complex phase diagrams.
Once the components for a material with desired properties have been chosen, the challenge reduces
to characterization as a function of composition. Small-angle x-ray scattering is ideally suited
to identify phases in these well ordered emulsions, and research underway currently uses robotic
sample preparation in standardized well plates, taken directly to the x-ray beamline. To explore this
massive parameter space more effectively, the CMS beamline will be tailored to support the needs of
combinatorial materials science, including specialized software, controls, and data handling. CFN
user research.

Nanoparticle Synthesis and Assembly

The challenging synthesis and assembly of nanoparticles would be revolution-
ized by an efficient exploration of the relevant compositional and processing
parameter spaces. Nanoparticles have been identified as key components in
a variety of applications: their small size gives them unique, often extraordi-
nary, catalytic and optical properties. Currently, synthesis of monodisperse
nanoparticles, with controlled surface properties, remains extremely challeng-
ing. Hybrid organic-inorganic copolymers offer a potential solution: the struc-
tural features of the parent block-copolymer dictate the structural features of the final metallic
nanoparticles.24–26 However the phase diagram is large and complex. X-ray scattering data can
be used to monitor particle size, shape, and polydispersity, in addition to identifying the crystal
polymorph. Using this data as feedback, and an in-situ microfluidic reactor, the CMS beamline
will autonomously adjust reagent feeds in order to synthesize particles of a target size and com-
position. Thus, the CMS beamline will overcome the typical bottleneck in studies of synthesis by
automating searches in large, multi-dimensional, parameter spaces. Operated in this mode, the
Complex Materials Scattering beamline will become a highly efficient synthesis robot.27

This approach is generic and can be applied to many problems, such as protein folding,
protein crystallization, and pharmaceutical formulations. In particular, the study of nanoparticle
assembly into superstructures and lattices,28,29 necessary for a variety of demanding applications in
nanotechnology, could be automated. Stochastic searches will enable discovery of superstructures
and materials that a human would not have thought to design. There are undoubtedly many unique
and high-performance materials hiding in unexplored portions of phase diagrams. Moreover, the
structure of the parameter spaces themselves will provide key scientific insights into assembly
processes. CFN core research.

Bio-Programmable 3D Nanoparticle Assembly

The design of assemblies that will respond to externally applied stimuli is at the heart of bionan-
otechnology. The intrinsic plasticity of biomolecules, and their multi-minima energetic landscapes,
contribute to their capability to be dynamically reconfigured on demand.30 The further capacity for
programmed responses is also within reach, by exploiting DNA hybridization. In recent advances,
DNA motifs have been used to organize 3D structures for directing nano-objects into position,31–34

and to induce structural switching on demand.35 To fully realize the potential of these new assembly
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methods, it is neccesary to discover the extents and limitations of scaffold de-
sign.36 The kinetic and energetic factors which control assembly and particle
positioning must also be explored.37,38 In-situ, time-resolved x-ray probes can
detect subtle structural changes imposed by solution conditions and other en-
vironmental variables. X-ray scattering can monitor scaffold formation and
measure the structure and binding kinetics, quantifying cooperative effects.39

The CMS beamline, envisioned to incorporate ancillary probes such as optical techniques, will
enable the discovery of correlations between local molecular changes and organization of the ex-
tended system, which is critical for design to proceed. Arising from this research will be “smart”
materials which respond, reconfigure, and react to external inputs, with site-selective binding that
incorporates nanoparticles and other functional moieties. CFN core research.

Smart Elastomers

Detailed structural studies of stimuli-responsive elastomers necessarily require an x-ray scattering
beamline that can measure materials during perturbation. One of the unique properties of polymers
is their viscoelasticity, a consequence of long-chain coiling and entanglement. A current challenge
in polymer science and engineering is to fabricate “smart elastomers” that have responsive prop-
erties: for example, as a discontinuous change in the modulus, or adhesion upon the application
of an external stimulus, such as a change in temperature, humidity, or illumination. These re-
sponsive properties enable the generation of self-healing polymers, which represent a breakthrough
in protective coatings and structural components; and shape-memory polymers, which are useful
as sensors and actuators in fields ranging from biomedicine to aerospace. A variety of promising
smart elastomer systems have been identified, including block-copolymer architectures, side-chain
crystalline polymers, and nanoparticles/polymer composites. The proposed modular design of the
Complex Materials Scattering beamline will allow in-situ characterization of the morphological
behavior of these materials under mechanical loading to understand the structure-property rela-
tionships in these systems. Time-resolved in-situ measurements will enable the precise mechanism
of stimuli-responsive behavior to be uncovered.

Polymer Crystallization

Polymer crystallization is a strongly non-equilibrium and path-dependent process; better under-
standing of the process can only arise through detailed in-situ study. Recently, large-period struc-
tures in polydisperse crystallizable block copolymers40 have been identified as ideal systems for
photonic materials operating at visible light wavelengths.41 The crystallization of these systems is
non-trivial, and demands structural measurements to very low q, ideally using a small x-ray beam in
order to map structure and orientation across specimens, such as in fibers, spherulites, and molded
articles. Importantly, the crystallization must be studied temporally, as a driven-assembly process.

The global market of polyolefins, especially polyethylene and polypropylene, exceeds 200
million tons, with 75% of polyethylene processed into films for packaging applications. It is therefore
of continual interest to study the crystallization of these materials under shear flow. This can
quantify how molecular structure and processing regulate the material’s mechanical and aesthetic
properties. In-situ measurements are mandatory, since structural features at all length-scales evolve
during processing and dictate the final material properties. Despite substantial industrial interest,
the mechanisms of polymer crystallization are still poorly understood; technological processing
remains largely empirical. This is mainly because semicrystalline polymers are in non-equilibrium
states, with their formation strongly dependent on the temperature and mechanical processing
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conditions. Progress in understanding these materials requires a versatile beamline that can rapidly
quantify structure in-situ during processing. The CMS beamline will provide the versatility and
performance necessary to address these critical non-equilibrium questions, in conjunction with
sample environments which can simulate industrially-relevant processing operations: specifically
extrusion, heating/cooling,42 stretching,43 fiber spinning, film blowing, tape extrusion, and reaction
injection molding.

Block-copolymer Assembly

Block-copolymers have emerged as a powerful tool for nanoscale control of
material properties,44 but progress is limited by a lack of detailed structural
knowledge at multiple length-scales. Block-copolymers are the premiere soft
materials for the self-assembly of periodic nanostructures with dimensions of
1 nm to 100 nm. Control of nanoscale order is crucial for a variety of emerging
applications. For example, the length-scale of ordering in a block-copolymer
can be precisely tuned to maximize the amount of active material in organic photovoltaics. In fuel
cells, physically crosslinked block-copolymers can be used to localize ionic domains to enhance con-
ductivities, and to limit swelling and dissolution to control mechanical properties. Applications in
photonics are also important, since block-copolymers can form periodic structures commensurate
with visible wavelengths. Despite active research, control and understanding of morphology re-
mains the key challenge. The broad q-range x-ray scattering capabilities of the CMS beamline will
elucidate the interplay between size-scales: molecular packing, nanoscale morphology, mesoscale
ordering, and macroscopic properties.

The size and periodicity of block copolymer domains makes them
attractive for applications in device patterning.45 However, building next-
generation electronics through self-assembly will require registration between
polymer domains and substrate feature. These demands have motivated a
great deal of research in the area of templated self-assembly, where topo-
graphic or chemical patterns on a substrate are used to direct the placement
of block-copolymer domains.45–47 Such methods hold the promise of combining the nanoscale
control of self-assembly with the macroscopic registry of established lithography.48,49 However
to realize these applications requires simultaneous characterization of the nanostructure and the
microstructure. The broad-q capabilities of the CMS will be crucial for rapid and quantitative
analysis of block copolymer domain shapes through the film thicknesses,50 the wetting (or contact)
of domains near the substrate interface,50 orientational order, and long-range pattern quality.51

CFN core research.

Organic Electronics and Photovoltaics

In order to realize the potential of organic materials for electronic applications, we must understand
the interplay between molecular packing, domain structure, and device performance. Organic elec-
tronics are being studied as an alternative to conventional inorganic semiconductors.52–54 Organic
materials can be deposited through established printing methods and have the potential to dramat-
ically reduce the manufacturing costs for applications from large-format displays and solid-state
lighting, to solar power generation. The primary limitations to wide-scale use of organic electronics
are performance and lifetime. However, most attempts to increase the material lifetime result in re-
duced performance. Understanding how molecular structure simultaneously dictates device lifetime
and microstructure, which in turn determines performance, will greatly accelerate the development
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of technologically-successful materials.
Researchers currently use synchrotron-based x-ray diffraction to determine the crystal struc-

ture, orientation, size, and degree of crystallinity of functional thin films of organic electronic semi-
conductors. These parameters have been shown to be correlated with the electronic properties of the
organic materials. The broad q-range of the CMS beamline will allow simultaneous measurements
of molecular packing and domain structure. This is particularly important for multiple component
systems, such as organic photovoltaics, where both the structure of the individual phases and their
intermixing determine their performance. Furthermore, the microbeam capabilities of the beamline
will enable structural mapping in these inherently heterogeneous systems. CFN core research.

Liquid Crystals with Complex Morphologies

New applications in liquid crystalline (LC) materials increasingly call for
miniaturization and molecular confinement within the devices, making
scrutiny of their structures on micron length-scales increasingly critical.
Furthermore, micron-scale morphology is integrally related to function in
this complex class of materials. For example, lyotropic chromonic liquid
crystals (LCLCs)55,56 find use as orienting and light-polarizing layers in flexible displays.57 These
materials have potential application as biosensors: highly specific antibody-antigen reactions gen-
erate microbial aggregates that can distort liquid crystal matrices, enabling optical detection of
agents such as anthrax.58 The self-assembly of LCLCs is greatly influenced by dopants.59,60 Ad-
ditives cause condensation of aggregates with nontrivial morphologies of phase separation, such as
tactoids and toroids of the nematic and hexagonal columnar phase coexisting with the isotropic
melt.61 Pinpointing the ensuing orientational and positional ordering within individual domains,
using a microfocused synchrotron x-ray beam, is a priority. Similar arguments apply to LC phases
formed from reduced symmetry mesogens. In the processable fluid state, some of these LCs exhibit
special properties, such as large electric polarization induced by mechanical flexure, potentially
useful for small-scale green power generation. When polymerizing or crosslinking systems based
on complex-shaped reactive LC monomers, nanoscale “seed” structures formed in the early stages
are of particular importance. Unconventional combinations of long-range orientational and short-
range positional ordering, and subtle variations of known phases, probably underlie their properties.
Progress in novel LCs requires cutting-edge SAXS/WAXS performance as well as the in-situ appli-
cation of external influences that directly couple to molecular orientation: magnetic fields, electric
fields of variable frequency and magnitudes, and precisely-controlled mechanical stresses (specifi-
cally shear and curvature distortions) would be of enormous value.

Nanostructured Materials

Nanomaterials hold tremendous promise but understanding them requires
screening a massive number of compositional and processing combinations
while characterizing order at all length-scales. Materials built from nano-
components possessing unique mechanical, optical, electrical, or catalytic
properties, can address the Grand Challenges emphasized in the DOEs re-
port “Directing Matter and Energy”, such as designing materials with tailored
functions, mastering energy on the nanoscale, and controlling matter away
from equilibrium. Self-assembly62–64 offers a tremendous cost and control advantages compared
to lithographic methods. Furthermore, self-assembly addresses tasks that are intrinsically chal-
lenging for conventional lithography processes, such as creating three-dimensional architectures or
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structures containing pre-fabricated functional nano-objects. Incorporating biomolecules into the
design of nano-objects enables highly selective recognition between various components.64–66 In
order to enable rational fabrication of 3D structures from nano-components, a host of interactions
and effects must be studied, including entropy, electrostatics, recognition and non-specific interac-
tions,34,67 and particle shape, symmetry and anisotropy.29 The high-throughput capabilities of the
CMS beamline will enable screening of the large parameter spaces inherent to multi-component
nanomaterials. Online time-resolved probing of assembly will enable delicate parameter spaces to
be explored intelligently, and in detail. Importantly, the CMS will enable direct in-situ probing of
kinetic pathways for structure formation, including formation in response to external stimuli. The
wide q-range will be invaluable for correlating nanoparticle super-structure with local organization
of biomolecules. The beamline’s microfocusing and incorporation of micro-fluidic methods will
be crucial for studying the kinetics of disorder-order transitions and structure development, while
scanning SAXS can provide information about phase coexistence and dependence of structure on
molecular/ionic gradients.

The broad capabilities of the CMS will also be exceptionally useful in studies of nanocom-
posites, including those containing plate-like fillers such as the well-studied clays or the more
recently-developed graphene. In more conventional fiber-reinforced composites, in particular the
semicrystalline isotactic polypropylene, the microbeam capabilities of the CMS will permit mea-
surements of the structure as a function of distance from the fiber axis, to directly probe the fiber’s
nucleating power68 and the mechanism by which the crystal polymorph is selected.69

B. Beamline Concept and Feasibility

Measurement Modes: The Complex Materials Scattering endstation will be a microbeam x-ray
scattering instrument optimized for transmission-mode experiments, acquiring data across a wide
q-range (simultaneous WAXS/SAXS/USAXS). The expected q-range, from 0.0004 Å−1 to 7.0 Å−1,
will enable probing size-scales from ≈ 1 Å to ≈ 1 µm. Using available detectors, we anticipate
pixel-limited q-resolution of 0.002 Å−1 in the wide-angle regime and 7×10−5 Å−1 in the small-angle
regime. Multi-axis translational and rotational positioning hardware will enable reciprocal-space
mapping for oriented nanostructures. These multi-axis sample stages will be suitable for reflection-
mode operation, thereby allowing grazing-incidence scattering (GIXD/GISAXS) experiments.

In order to enable high-throughput operation, large-area translation stages, designed to
accept standardized well-plates, will be available. Additionally, a robotic sample changer will
enable the instrument to operate autonomously and continuously, maximizing beam usage. We
envision the hutch having a small interlocked chamber allowing users to transfer new samples into
a sample queue inside the hutch. This capability will also facilitate the proposed ‘rapid access’
mode, where users can be allocated smaller blocks of beamtime more frequently.

We have calculated that beam focusing down to ≈ 20 µm is feasible. This spot-size, com-
bined with in-situ optical microscopy, will be crucial for mapping of heterogeneous materials and
scanning combinatorial gradients. It will also be necessary for mapping inside microfluidic systems,
where the spatial resolution is converted into time-resolution. This will enable kinetic measure-
ments of liquid-phase mixing, reactions, and assembly. Computer-control of microfluidic chips will
enable exploration of multi-dimensional parameter spaces without human intervention.

Endstation Design: We specify a three-pole wiggler source, energy tunability from 5 to 20 keV,
and a multilayer monochromator (energy resolution 0.5%) in order to maximize flux for high-
throughput measurements. The option to switch to a silicon crystal monochromator (energy reso-
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lution 0.01%) for high-resolution measurements is anticipated. The calculated flux for our proposed
configuration is roughly 2×1010 photons/s/0.01%bw at the sample position. This flux provides ap-
propriate dynamic range for measurements on soft materials, and is sufficient to enable high-speed
measurements on a wide variety of structured samples of scientific interest.

The CMS will require a hutch approximately 3 m wide by 20 m long. The first 7 m of
evacuated flight-path will be used for motorized slits and optics, which will focus the beam onto the
sample position. A 10 m evacuated flight-path after the sample will contain three area detectors,
built onto motorized positioning stages. This enables access to the wide q-range necessary for
hierarchical samples, and enables rapid switching between samples that may require different q-
ranges. The detectors and acquisition systems will handle 30 Hz data collection (33 ms temporal
resolution), allowing for kinetic measurements from strongly-scattering systems, and will be crucial
to enabling real-space mapping of materials.

60 m 65 m 55 m 50 m 45 m 

USAXS

detector
SAXS

detector

WAXS detector Sample

Robot

Queue

Focusing

S1S2S3

Interlock Chamber

The sample chamber will be vacuum-compatible, in order to accommodate low-background
measurements frequently necessary for soft materials. The chamber will be modular and removable,
to accommodate a wide variety of user needs. In particular, we expect samples to be probed using
a variety of stimuli: magnetic fields, electric fields, laser irradiation, thermal fields and gradients,
and a general control of vapor composition and pressure.

Feasibility: The proposed science program requires good beam stability, moderate microfocusing
capabilities, and simultaneous access to a wide q-range. A three-pole wiggler source at NSLS-II
can provide the flux, energy range, and beam quality necessary to achieve this scientific mission.
The CMS will take advantage of the beam stability at NSLS-II, which will be crucial for making
quantitative cross-comparisons across many samples (or positions within a sample). The Center
for Functional Nanomaterials (Brookhaven National Laboratory) will maintain its commitment to
x-ray scattering methods by supporting the CMS beamline. Transitioning CFN equipment from
the X9 beamline at NSLS will help with construction.

C. Required Technical Advances

The CMS endstation will require advances in software, automation, and integration. Robotic so-
lutions for handling delicate user samples (capillaries, thin films on wafers, etc.) will need to
be designed. A sample chamber capable of automated evacuation and opening/closing will be
required to allow access to the sample-changing robot. In order for the beamline to operate con-
tinually on a dynamically-adjusted sample queue, a means for inserting new samples into the
protected x-ray hutch will be required. Currently we envision a small interlocked chamber, with
the sample-changing robot transferring samples from the chamber to the queue holding area. The
main challenges are x-ray beam containment safety considerations.

Although all beamlines require a robust and complex software stack for operation, the
CMS will require specialized software development. A suite of efficient analysis tools will be re-
quired to deal with the large volume of data. Control software for the robotics will need to be
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adapted. In addition to simple queuing and scripting, the beamline will require software that can
respond dynamically to the results of measurements. This decision/control software, which will
enable efficient utilization of the beamtime, will require advanced programming methods, including
techniques from artificial intelligence and machine learning. The wide variety of algorithms that
have been developed for data fitting and physics modeling will need to be adapted to enable the
CMS to explore physical parameter spaces. The required software solutions are all feasible given
modern programming paradigms and computer capabilities. However, they will require staff with
programming expertise beyond what is required for a conventional beamline.

The technical challenges involved in building the CMS beamline are surmountable. Existing
technologies and expertise (e.g. from protein crystallography beamlines) can be leveraged to create
what will be a beamline with unique capabilities. The technical developments (especially software)
will be easily exported to other x-ray endstations and synchrotron facilities.

D. User Community and Demands

Complex materials by their nature are multicomponent systems arranged in a structural hierarchy,
and their study requires making the most of multi-dimensional data sets. Large swaths of sample
component space are surveyed, with structural measurements over many orders of magnitude in
real and reciprocal space. The pioneers of these techniques have historically been very active in
developing synchrotron beamlines for small- and wide-angle scattering. Over the years, facilities
such as NSLS Beamline X27C and ESRF Beamline ID13 have laid the groundwork for the high-
throughput methods envisioned here.

The impact is seen worldwide as thousands of users in Soft Matter utilize SAXS/WAXS
stations. These experimenters develop huge suites of ancillary capabilities: mechanical rigs, envi-
ronmental chambers, in-situ optical microscopy, and batch data analysis methods. The majority
of these designs are shared across the community to the benefit of all. Closer to home, we main-
tain a list of over 200 key NSLS-I users, who support a constellation of collaborative scientists,
not themselves scattering experts. These users demand x-ray beams with hundred- or ten-micron
spatial resolution. The full range of reciprocal space is required. If long working distances and fast
detectors are provided, these users will develop sample manipulation capabilities to new heights.

Hundreds of experiments will be represented by this core SAXS/WAXS community as our
proposed CMS beamline at NSLS-II takes on the role played currently by several NSLS-I beamlines.
Frontier researchers in complex materials also pave the way for specialized NSLS-II developments,
such as coherent x-ray applications. Our community has a perennial presence in synchrotron work-
shops, on Scientific Advisory Committees, and in the commissioning of new facilities. The authors
of the present proposal have convened several well-attended NSLS-II development workshops. Refer
to the appendix for Letters of Support, which provide a view of the breadth and depth of the user
community.

The Center for Functional Nanomaterials (CFN, Brookhaven National Lab) actively devel-
ops x-ray scattering methods for study of nanosystems. In contributing equipment, funding, and
staff time to the X9 beamline at NSLS, the CFN has allowed a greater nanomaterials community, to
use the powerful capabilities of the synchrotron. The CFN aims to continue this highly successful
venture by supporting the development of the CMS beamline at NSLS-II. The CFN’s diverse and
productive user community will thus contribute to the high-impact science of the CMS.
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E. Proposal Team Expertise and Experience

Kevin Cavicchi: 12 yrs experience in synthesis and characterization of novel polymers and self-
assembly. Experienced GISAXS user for ordered block copolymer films (NSLS and APS).
Christian Burger: 22 yrs of experience in synchrotron SAXS and WAXS of soft matter: polymers,
biopolymers, block copolymers, composites, fibers, polyelectrolyte-surfactant complexes.
Elaine DiMasi: 14 yrs experience, LSS design at NSLS and APS, 60+ publications. Novel
scattering studies of biomineralization and templating at mineral-organic interfaces.
Andrei Fluerasu: Over 10 yrs of synchrotron experience, group leader of the NSLS-II coherent
hard x-ray beamline. Interests include XPCS studies of dynamics; developed microfluidic-XPCS.
Seth Fraden: 30 yrs research experience in soft condensed matter, biological liquid crystals,
colloids, protein crystallization, microfluidics, and light scattering.
Masafumi Fukuto: 15 yrs of experience, including liquid-interface diffuse scattering, surface
critical and fluctuation phenomena, biomolecular and nanoparticle assembly at liquid interfaces.
Oleg Gang: 15 yrs of experience, applied scattering methods to study phase transitions at in-
terfaces, wetting on nanostructured surfaces, self-assembly in nanoscales systems, discovered 3D
ordering in DNA-guided nanoparticle assemblies.
Benjamin S. Hsiao: Chair, Stony Brook University Chemistry Department and X27C Spokesper-
son. Pioneered studies of structure, morphology, and processing relationships in polymers.
R. Joseph Kline: 10 yrs of experience, including grazing-incidence diffraction and small-angle
scattering studies of organic electronic and photovoltaic materials. Member of SSRL UEC.
Satyendra Kumar: 34 yrs experience in studies of structure and phase transitions in liquid crys-
tals using x-ray and neutron scattering, reflectivity, heat-capacity, and electro-optical techniques.
Oleg Lavrentovich: 28 yrs of soft matter research, coauthored a textbook “Soft Matter Physics:
An Introduction” (with M. Kleman), pioneered 3D optical microscopy of liquid crystals.
Benjamin Ocko: 25 yrs of experience, pioneered studies of electrode surfaces and liquid interfaces,
discovered surface freezing. Developed in-situ GISAXS techniques. Designed & built X22A&B and
9ID (APS).
Ron Pindak: Over 30 yrs experience in synchrotron research. Co-pioneered the use of synchrotron
x-ray diffraction to study 2D physics in liquid crystals and resonant scattering to measure molecular
orientational ordering. Experienced in implementing bend-magnet micro-beam diffraction.
Miriam Rafailovich: 30 yrs experience and 350+ publications in x-ray scattering, soft condensed
matter, tissue engineering, and polymer physics research.
Richard Register: 25 yrs experience at synchrotrons. Co-invented block copolymer nanolithog-
raphy; broad expertise from synthesis to structural characterization to property optimization.
Samuel Sprunt: 25 yrs experience in liquid crystals and soft matter research. Pioneer development
of nanosecond photon correlation spectroscopy, applied to freestanding liquid crystal films.
Helmut H. Strey: 15 yrs of experience, scattering methods to study self-assembled biopolymers.
Discovered line-hexatic phase in DNA. Won APS Dillon medal in 2003. Developed combinatorial
materials x-ray scattering beamline at NSLS.
Bryan D. Vogt: 24 publications using national scattering facilities, 2008 NSF CAREER awardee,
developed x-ray based technique for ultrabarrier characterization for flexible electronics.
Wen-Li Wu: 30 yrs of experiences in x-ray and neutron scattering, pioneered x-ray scattering and
reflectivity for nano-pattern characterization.
Lutz Wiegart: Research experience in structure and dynamics of soft matter systems. Assistant
Physicist responsible for construction of the coherent hard x-ray scattering beamline at NSLSII.
Kevin Yager: 10 yrs experience with neutron and x-ray techniques for studies of soft materials.
Developed SANS methods for mapping reciprocal space. Co-managing X9 beamline at NSLS.
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F. Suggestions for BAT Membership

The following scientists have been identified as capable and willing to serve on the Beamline Advi-
sory Team:
1. Kevin Yager (Proposal Spokesperson), Assistant Materials Scientist, Center for Functional
Nanomaterials, Brookhaven National Laboratory, Upton, NY 11973. 631-344-7608. kyager@bnl.gov
2. Elaine DiMasi, Scientist, National Synchrotron Light Source, Brookhaven National Labora-
tory, Upton, NY 11973. 631-344-2211. dimasi@bnl.gov
3. Oleg Gang, Scientist, Center for Functional Nanomaterials, Brookhaven National Laboratory,
Upton, NY 11973. 631-344-3645. ogang@bnl.gov
4. Benjamin S. Hsiao, Professor, Department of Chemistry, Stony Brook University, Stony
Brook, NY 11794. 631-632-7793. bhsiao@notes.cc.sunysb.edu
5. Alexander Norman, Senior Scientist, ExxonMobil Research and Engineering, Annandale, NJ
08801. 908-730-2571. alexander.norman@exxonmobil.com
6. Benjamin Ocko, Scientist, Condensed Matter Physics & Materials Science, Brookhaven Na-
tional Laboratory, Upton, NY 11973. 631-344-4299. ocko@bnl.gov
7. Ron Pindak, Scientist, National Synchrotron Light Source, Brookhaven National Laboratory,
Upton, NY 11973. 631-344-7529. pindak@bnl.gov
8. Helmut H. Strey, Associate Professor, Biomedical Engineering, Stony Brook University, Stony
Brook, NY 11794. 631-632-1957. Helmut.Strey@stonybrook.edu
9. Randall E. Winans, Scientist, Advanced Photon Source, Argonne National Laboratory,
Argonne, IL 60439. 630-252-7479. rewinans@anl.gov
10. Wen-Li Wu, NIST Fellow, Polymers Division, National Institute of Standards and Technology,
Gaithersburg, MD 20899. 301-975-6839. wen-li.wu@nist.gov
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5. Seth Fraden, Professor, Physics, Brandeis University
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8. Benjamin S. Hsiao, Professor, Chemistry, Stony Brook University
9. R. Joseph Kline, Materials Research Engineer, Polymers Division, National Institute of Stan-

dard and Technology
10. Satyendra Kumar, Professor, Physics, Kent State University
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15. Richard A. Register, Professor, Chemical Engineering, Princeton University
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17. Helmut H. Strey, Biomedical Engineering, Stony Brook University
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complex materials communities.
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